Aim Examine the association between child and adolescent physical activity maintenance categories and metabolic profile in adolescence.
Introduction
Since the epidemiologic transition, chronic diseases have been responsible for most cases of morbidity worldwide.
1,2 Obesity and high blood pressure are among the main risk factors for these diseases. Although the majority of chronic diseases are observed in adulthood, it is estimated that~15% of adolescents are obese in Brazil, 3 and among obese adolescents, close to 30% are pre-hypertensive. 4 Promoting research and interventions to improve the health of young people has been a recurrent topic on international public health agendas.
Among the determinants of obesity and hypertension, secular changes in population lifestyle have received special attention. As physical inactivity is now considered the greatest cause of mortality worldwide 5 and is associated with obesity especially providing a negative energetic balance, 6 encouraging physical activity from an early age has become an important strategy for reducing the prevalence of adulthood physical inactivity and its deleterious effects. Investigating direct and indirect pathways for health, Fernandes et al. 7 identified some plausible pathways, including epigenetic possibilities. These hypotheses have mainly been developed to identify the benefits of early sports participation on health outcomes in adulthood, independent of their maintenance. 8, 9 However, there is no clear evidence of critical periods for interventions aimed at improving physical activity in order to optimize the benefits in the medium-to-long term.
Regardless of genetic determination, physical activity, particularly vigorous in intensity, seems to have a close positive relationship with cardiorespiratory fitness, [10] [11] [12] which is characterized by the ability of the circulatory, respiratory, and muscular systems to supply oxygen during sustained physical activity and is a protective factor for several chronic diseases and mortality. 13, 14 Studies have also demonstrated the relation between moderate to vigorous physical activity (MVPA) and cardiometabolic risk factors in children and adolescents, 15, 16 and especially among adolescents this relationship may be independent of cardiorespiratory fitness. 17, 18 Physical activity has also been shown to exhibit longitudinal associations with blood pressure in both childhood and adolescence 19, 20 and with adiposity in children. 21 Intervention studies have also investigated associations between physical activity and other cardiometabolic risk factors. 22 Carrel et al., 23 for example, found that increased cardiorespiratory fitness through school-based program also decreased body fat.
However, the longitudinal relationship between physical activity and the combination of these outcomes are not clear. Additionally, few of these studies have controlled for important variables, such as biological maturation and energy intake, and physical activity maintenance is rarely adopted as an exposure. Thus, in order to understand associations between physical activity participation and their maintenance from childhood to adolescence with biological outcomes, the aim of this study was to analyze the association between physical activity maintenance categories in childhood and adolescence with metabolic profiles in adolescence.
Methods

Sample
This was a school-based cross-sectional study, conducted in Londrina/PR, involving adolescents aged between 10 and 16 years old enrolled in public schools. Located in the North of Paraná State, Londrina has 506 701 inhabitants, a Human Development index of 0.778 and a Gross Domestic Product per capita of US$ 8530.77. 24 The present study is part of a larger project in which the sample size calculation was based on a prevalence of metabolic syndrome of 4%, an alpha level of 0.05, an error rate of two percentage points, a design effect of 2.0, and an addition of 20% for possible losses. Regarding the sample process, all the public schools of the city were first divided into regions (north, south, east, west and center), then two schools were randomly selected from each region. Classes were then also randomly selected from schools and all the students in these classes were invited to participate in the study. Adolescents were excluded from the sample if they reported using prescribed medicines, were being treated for disease or did not return the consent term signed by parents. From 1395 initial participants, 39 were excluded because were active only in adolescence and 204 did not have information about analyzed variables. Thus, 1152 composed the current sample. However, biochemical variables information were available only for 953 participants and, thus, different sample size were used in these analyzes. In addition to current assessments, some retrospective information was collected for this study. The local ethics committee approved all the procedures of this study according to Declaration of Helsinki.
Physical activity
Physical activity was assessed using the Baecke questionnaire 25 which contains questions related to physical activity in three domains; at school, formal sports and during leisure time. The sum of these patterns constitutes habitual youth physical activity, and in this particular study, adolescents in the highest quartile were considered 'active' and all remaining participants 'inactive'. For quality control, the questionnaire was repeated after an interval of one week on a representative part of the sample (10%); the interclass correlation coefficient (ICC) was 0.73. Early experience in sports engagement (our proxy for physical activity) was assessed by a dichotomous question (yes or no) pertaining to participation in supervised sports for at least 1 year between the ages of 7 and 10 years (ICC = 0.87). For analyses purpose, three groups were created: (i) neither childhood nor adolescence physical activity; (ii) childhood physical activity only; and (iii) childhood and adolescence physical activity.
Anthropometry
Body mass index (BMI) was calculated from body weight and height measured though standard procedures. Waist circumference was assessed using an anthropometric tape with a precision of 0.1 cm according to the methods of Katzmarzyk and others. 26 Percentage body fat was estimated 27 using subscapular and triceps skinfolds using a Lange ® caliper that was calibrated (accuracy = 0.5 mm) by a trained evaluator according to recommendations. 28 The technical errors of measurement were 4.8 and 3.5% for the subscapular and triceps skinfolds, respectively.
High body fat was defined according to the cutoff proposed by Willians et al.
29
Blood pressure and biochemical variables Blood pressure was measured on the right arm after a rest period of 10 min using automatic apparatus (OMRON, HEM-742) that has been validated in adolescents. 30 Two measurements were performed with an interval of two minutes; if the difference between measurements was greater than 10 mmHg for diastole or systole a third measurement was performed. The arithmetic mean of measurements was taken forward for analyses and the cutoffs from the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents 31 were adopted. Laboratory analyses were conducted in the Clinical Biochemistry Laboratory of the University Hospital. Samples were collected after fasting for 12 h in a serum tube (without anticoagulant) and a tube containing anticoagulant and fluoride as a preservative for the determination of glucose. Blood was collected from the antecubital vein while the participants remained seated. Samples were centrifuged at 3000 g for 5 min at 4C°to separate the plasma and serum. Serum triglycerides, high-density lipoprotein cholesterol (HDL-C), and glucose were measured by a biochemical auto analyser (Dimension ® , RXL, Newark, NJ, USA) and were used in conjunction with Dade Behring-Siemens kits. Modifications in lipid profile (triglycerides ≥130 mg/d, HDL < 45 mg/dL and) and fasting glucose (≥100 mg/dL) were identified. 32 In addition, a continuous metabolic risk score was calculated by summing the zscores of each of the individual components of the metabolic syndrome (waist circumference, blood pressure, triglycerides, HDL [*-1] and glucose), aiming to estimate global cardiovascular risk 33 and the highest quartile was adopted as risk.
Somatic maturity
Somatic maturity was estimated via peak of height velocity (PHV) 34 calculated from height, trunk-cephalic height and leg length measurements. Distance to PHV was used to create three categories of maturity status in boys (delayed: >14.8 years; on time: 14.8-13.4 years; advanced: <13.4 years) and girls (delayed: >13.0 years; on time: 13.0-11.8 years; advanced: <11.8 years).
Cardiorespiratory fitness
Cardiorespiratory fitness (CRF) was estimated using a 20 m shuttle-run test. 35 VO 2 peak (ml/kg/min) was estimated. 36 Low cardiorespiratory fitness was defined according to the cut-points of Fitnessgram. 37 
Dietary sugar intake
The consumption of sodas and/or chocolate was evaluated by means of one question (ICC = 0.76) concerning the frequency of consumption (no consumption, 1-3 days, 4-6 days and 7 days) during the previous week.
Statistical analyses
Descriptive statistics, including means, standard deviations and absolute and relative frequencies were used to characterize the sample. Mann-Whitney tests were performed for sex comparisons. Chi-square tests analyzed the association between dependent (physical activity maintenance) and independent variables. Binary logistic regression analyses were conducted to investigate adjusted associations. In the first model, associations were adjusted by sex, chronological age, age of peak height velocity, BMI and sugar intake. In addition to these covariates, model 2 was composed by significant outcomes in previous analyses (blood pressure, body fat and cardiorespiratory fitness). A significance level of P < 0.05 was adopted.
Results
Of the 1395 adolescents evaluated, 1152 did have complete data for general variables and composed the sample. Their characteristics according to sex are presented in Table 1 . For age of PHV, waist circumference, cardiorespiratory fitness and glucose, boys presented greater values compared to girls. Conversely, body fat, diastolic blood pressure and triglycerides were higher in girls. Prevalence of physical activity maintenance categories are presented in Fig. 1 . In the whole sample, 32.3% were considered 'inactive' in both childhood and adolescence, and this prevalence was higher in girls (39.3%). Approximately half of the sample was active in childhood (7-10 years) only. In contrast, 17.2% reported being active in childhood and were in the highest quartile of physical activity during adolescence, of which boys presented greater prevalence (25.7%). Figure 2 illustrates the prevalence of cardiovascular risk factors by physical activity maintenance categories. Low cardiorespiratory fitness was the most prevalent outcome, which presented a trend along physical activity maintenance categories (P < 0.05). The prevalence of low cardiorespiratory fitness and high blood pressure were higher in adolescents that were classified as inactive in both childhood and adolescence. Table 2 presents the adjusted associations between physical activity maintenance and dependent variables. Regardless of sex, chronological age, somatic maturity, BMI and sugar intake (model 1), adolescents classified as active in childhood and adolescence were less likely (P < 0.05) to present low cardiorespiratory fitness (53% reduced odds), high body fat (52%), high blood pressure (43%) and high metabolic risk score (58%) compared to those who were classified as inactive in both stages. Similarly, adolescents that were active only in childhood were less likely to have low cardiorespiratory fitness (29% reduced odds) compared to the reference group. When associations were adjusted for previously significant variables in model 1 (blood pressure, body fat and cardiorespiratory fitness low cardiorespiratory fitness, high blood pressure and high metabolic risk score remained statistically significantly associated with activity maintenance (model 2).
Discussion Main findings of this study
The main finding of this study indicates that youth who are active both in childhood and adolescence are less likely to possess health risk factors, including low cardiorespiratory fitness, high blood pressure and metabolic risk score. Additionally, being active only in childhood was associated with higher cardiorespiratory fitness in adolescence.
What are already known in this topic
Physical activity in youth has been associated as a protective factor to several health risk factors during childhood and adolescence, as body adiposity, metabolic markers and mental health. 38 Moreover, studies have observed that early sports participation in childhood is inversely associated with negative health outcomes in adulthood. 7 Furthermore, there are some mechanisms of the relationship between childhood sports participation and future health benefits, which can be through direct and indirectly pathways. 7 Among them, body fat reduction during childhood due to sports participation (given stability of body fat and its relation with cardiovascular risk) and behavior maintenance (tracking 39 ) are more commonly referred. An emerging path is related to the methylation of DNA, which suggest that early sports participation could have an independent role in adulthood health benefits. 7, 8 Significance indicates P for trend. Note. PA = physical activity; CRF = cardiorespiratory fitness; BF = body fat; BP = blood pressure.
What this study adds
The present study showed that physical activity (through sport practice) in childhood offered protection for cardiorespiratory fitness in adolescence regardless of their maintenance. For other adolescent outcomes, sustained activity was required to confer protection. These results highlight the importance of maintenance of activity behaviors from childhood to adolescence and suggest another potential pathway (elevated CRF) that could relate early physical activity to adult health. Adolescents who were active in childhood presented greater cardiorespiratory fitness in adolescence, independent of adolescent activity status. Considering that cardiorespiratory fitness is an important protective factor for cardiovascular outcomes, 40 it is possible that part of the effect, but not the totality of physical activity may be mediated by cardiorespiratory fitness. For example, body fatness was no longer statistically significant when adjusted for cardiorespiratory fitness (model 2). Similar findings were found in a prospective study, where the relationship between changes in sedentary behavior, physical activity and cardiometabolic risk was partially mediated by changes in cardiorespiratory fitness. 41 Also, the way in which the variables (especially physical activity) are assessed seems to influence the results. 42 We also observed that children who remained in high active group in adolescence presented lower prevalence of high body fat (when unadjusted for CRF) and blood pressure. Evidence suggests that physical activity increases the release of adiponectin by adipose tissue, 43 which, when added to the action of antioxidants related to nitric oxide, improves endothelial function and blood pressure. 23 We speculate that these body fat and blood pressure alterations may reduce the prospect of negative cardiometabolic outcomes occurring in adulthood. This speculation is somewhat corroborated by our findings for metabolic risk score. Maintenance of physical activity was associated with 56% lower odds of high metabolic risk in adolescence, independently of important confounders, as sugar consumption that is also related to metabolic risk 44 and biological maturation, which advanced maturing adolescents exhibits in general higher risk. 45 Considering that sport practice only in childhood was not sufficient to prevent cardiometabolic risk factors, adolescence age seems be the most sensitive period for beneficial lifestyle adaptations in order to allow a sufficient period between exposure and outcome for epigenetic mutation and/or development of pathological conditions in posterior ages. Moreover, the methylation of genes can occur in combination with other factors, such as maternal care, feeding, social environment and stress. 46 Therefore, any simple deterministic explanation must be avoided. Prospective studies with periodic measurements could help to identify sensitive periods to each exposure for DNA methylation. 47 Another talking point refers to the characteristics of physical activity participation in childhood. Our study, similar to others, evaluated early physical activity through sports engagement, which presents one of the most attractive forms of activity in youth. The information that we obtained was from formal participation, for a minimum period of 12 months, with no specificity in terms of volume or intensity. However, many youth perceive physical activity as equivalent with sport. 48 Belanger et al. 49 found that Canadian adolescents who practiced sports and running tended to remain Sum the z-scores of waist circumference, blood pressure, triglycerides, (HDL*−1) and glucose (highest quartile was adopted as risk).
Note: Values are expressed in odds ratio (95% confidence interval). Bold = P < 0.05. No PA = neither childhood nor adolescence physical activity. HDL = high-density lipoprotein. Model 1 = adjusted by sex, chronological age, age of peak height velocity, BMI and sugar intake. Model 2 = adjusted by model 1 + significant variables of model 1 (blood pressure, body fat and cardiorespiratory fitness).
PHYSICAL ACTIVITY MAINTENANCE AND METABOLIC RISK active in adulthood, and this relationship seemed to be dependent on years of practice. Studies investigating physical activity and its precise characteristics in other domains could help to complement our findings, given that total MVPA, independent of specific domain, is also associated with clustered metabolic risk. 42 It is also important to highlight that given the relationship between more intense activities and additional health benefits, and the difficulty in stimulating adherence to other high intensity activities such as gym exercises, it is likely wise that sport should be treated and adopted as an instrument of physical activity promotion in young people.
In general, adolescents who are active in childhood (7-10 years old), and remain in the highest active group during the adolescence, have a lower prevalence of high blood pressure, body fat and metabolic risk score. Cardiorespiratory fitness was increased even in adolescents who were active only in childhood. Based on these results, interventions aimed at promoting health in young people should encourage early physical activity participation, as well as maintenance of physical activity during adolescence.
Limitations of this study
It was not possible to include the fourth group (physical activity practice only in adolescence, but not in childhood) because of the sample distribution. Few participants composed this group (3.3%), and as such there was insufficient statistical power to make inferences, then they were excluded from analyses. Nevertheless, this information should be considered as within the representative sample, few were not active in childhood and became active in adolescence. Another issue is our measurement of physical activity. Although increasing, the utilization of objective methods is still rare in middle-low income countries, such as Brazil, and due to the cross-sectional design, historical recall methods were used as an alternative. Reassuringly, we investigated the repeatability of both activity measures (early and habitual physical activity) and an acceptable ICC was observed (ICC ≥ 0.73). 50 Advantages of the present study include that, to our knowledge, this is the first study on this particular topic to be performed in Brazil using blood sample analyses for cardiovascular risk factors. Recognized and previously validated methods were also adopted for assessment of cardiorespiratory fitness, body fatness and blood pressure. Additionally, we adjusted the analyses for important variables such as biological maturation and dietary sugar intake.
